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SUMMARY

265 chemical compounds,guanylhydrazoneo,azlactones,hydrazones,
phenolescarbonyl compoundmoand miscollaneouL ones wore tosted for
in vitro antiviral activity against influenza virus. 104 out of
265 compounds were completely inhibitory by the soreenhiw test.

Selected 89 compounds were qualitatively analized for the anti-
viral and toxic activities. 14 out of 69 compounds were found to be
inhibitory with the ratio of 4 or more of non-toxic concentration
versus minimal inhibitory concentration.

One compound,serial No.212,syathesis No.178 inhibited IIA
production with a final concentration of 1.6 /ce and was toxic with
a final concentration of 25 V/cc.
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£N¶IRt•VCT LO••

It has been roported that poliovir'is multi.plir-tion was inhibited
by guanidine in vitro (Lwoff, 1963). Guanl.ne derivatives were
inhibitory against polio, coxakie, measles, influenza and parainf-
lueoza viruses (Crowther and Melnick, 1961; Tamm and Zggors et al.,
1962a Ueda, 1961, 1962; Loddo, 1962),

It was recently reported `:hat amantadine hydrochloride inhibited
influenza virus penetration :i.nto the host cells (Hoffmann ot al.,
1965) .'

Thiq paper reports the screening results of guanylhydrazones,
azlactones, hydrazones, phenols and carboiyl eompotnds with the
method of chorio-allantoic membrane culture. All chemical compounds
used were synthesized at the Department of O,:anic Chemistry,
Kitasato University College of Hygienic Sciences.

MATZRIALS and METHODS

Influenza A virus Adachi strain : Infected allantoic fluid of
80th and 81st egg-passages was ampuled in amoui~h of 1 ml each and
stored in a dry-ice box until use. On-.tenth ml of serial ten-fold
dilution of the stock virus was inioculated into test tube containing
a piece chorio-allantoic membrane and egrg.shell in Hanks'solution
(Iwasaki et al., 1955).

After shaking culture of 4 tubes each dilution for 48 hours at
36'C, hemagglutinat4, titer of each culture fluid was determined
by the standard hemagglutination test with chicken red cells. The
maximal dilution showing positive hemagglittination in all four tubes
was detected.

Serial dilution of the stock virus between this maximal dilution
showing positive hemagglutination in all four tubes and the next
ten-fold dilution were retested to estimate exact titer of inducing
dilution of the stock virus was determined and named I MID10o.
Ten MID 0oo was used ad inoculum in the experiments.

2. Chemical compounds

All chemical compounds were synthesized at the Department of
Organic Chemistry,Kitasato University c'1 1 e of Hygienic Sciences
and dissolved in distilled water or 50 % glyc-x:'1 , DissnIved
compound solutions were autoclaved at 121cCfor 20 minutes prior Th
use. The abbreviations W and G were adopted for distilled water and
50 % glycerin used as solvent, respectively.

3,. Hemagglutination test

An equal volume of culture fluid from a group of 4 tubes was
mixed and two-fold serial dilutions were made in an aziount of 0.4 ml
of PBS on plastic-plate. Same amount of 0.5 % chicken red cell
suspension was added and allowed to hemagglutinate for 60 minutes at
room temperature.
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4. A) Screening test of antiviral effect of chemical compounds.

All chemical compounds tested were selected first as inhibitory,
partially inhibitory, and non-inhibitory ones by the application of
only one conoentration as indicated in text.

The content of culture tube was as follows:

ahorio-allantoic membrane Ca. 5 X 10 mm 1 piece
egg-shell Ca. 5 X 5 mm 1 piece
Hanks' B•S (pH 7.2-7.4) 0.8 ml
virus 10 MID 10 0 / o.1 ml 0.1 ml
Test sample solution 0.1 ml

Total 1.0 ml.

An equal volume of chemical solution and 10 MIDloo /0.1 ml of virus
were mixed and allowed to react at room temperature for 30 minutes
and two-tenth ml of the mixture was inoculated into four culture
tubes for each group containing 0.8 ml of Hanks'BSS Apiece of
chorio-allantoic membrane and egg-shellg and approxate controls
were made. The fluid was cultivated in rubber-stoppered test tube
(14 X 120 mm) by shaking machine (stroke distance 120 mm : 110 strokes
per minute) for 48 hours at 366C incubating room.

B) Determination of antiviral concentration et chemical
compounds.

ell chemical compounds could '., divided into three groups of
inhibitory, partially inhibitory, and non-inhibitory ones by the
screening test. Only inhibitory compounds were selected and deter-
mined for the minimal inhibitory concentration and non-toxic concent-
tation against virus by the limiting dilution of compounds.

The method of determining minimal concentration of each compound
was same as described above and the final concenreation of compound
which inhibited completely hemagglutinin production was taken as
minimal inhibitory concentration.

5. Toxicity test of compounds.

The test tubes containing'choriovallantoic membrane in 0.9m).
of Hanks' BSS was incubated with 0.1 ml of appropriately diluted
compound solution for 18 hours at 370C on shak:.ng machine. The incu-
bated membrane was washed twige with 5 ml of PBS, respectively. the
washed membrane was inoculated with 10 MIDI 0 / 0.1 ml virus in 1 ml
of Hanks' BSS. After 08 hour incubation at 36'C, hemagglutinin titer
of culture fluid was determinod by the standard hezagglutination
test technique. The maximal concentration of each compound which
produced hemagglutinin was ta.%en as non-toxic concentration.
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RESULTS

Ii Screening test of antiviral effect of chemical compounds.

A total of 265 chemical compounds listed in Table I were tested
for antiviral activity by the application of only one concentration
as indicated in text. Compounds were autoclaved prior to use after
about 18 hour storage at room temperature. Antiviral activity of
each compound was noted in Table II. As shown in Table III, the tested
compounds were distributed into such three groups as inhibitory,
partially inhibitory, and non.inhibitory ones among each group. The
numbers of the inhibitory compounds in each group aro as follows

44 compounds (4S.5 %) in group A--guanylhydrazones.
7 compounds (38.8 %) in group B --------- carbonyls,

22 compounds (30.1 %) in group D -------- azlaotones,
17 compounds (53.1 %) in group B ----------- phenols,
14 compounds (31.8 %) in group P ----- miscellaneous.

As summarized in Table IV$ a total of 104 compounds (39.2 %) were
completely inhibitory, 67 compounds (25.2 %) were partially inhibitory
and 94 compounds (35.4 %) were non-inhibitory.

bv 2. Determinations of antiviral and toxic concentrations of
chemioal compounds.

Quantitative analysis of antiviral and toxic activities of
selected compounds showing negative hemagglutinin production by the
screening test was performed. Compounds were dissolved and auto-
claved prior to use. The procedures used were fully described in
Materials and Methods. The minimal concentration of each compound
which inhibited completely hemagglutinin production was token as
the minimal inhibitory end point bp the inhibition test. 2he
maximal concentration of each compound which produced hemagglutinin
was taken as the non-toxic end point by the toxicity test. Two
relative concentrations each compounds were listed in Table V.
The non-toxic end point and the minimal inhibitory end point were
compared for each compounds. The ratio of two final concentrations
was listed at the right calumn in Table V.

As can be seen in Table VI, one compound of group A--guanyl-
hydrazones, three compounds of group D--hydrazones, four compounds
of group E--phenols* and six compounds of group F--miscellaneous one,
were found to be inhibitory against virus with the effective ratio
of 4 or more.

The compound, serial number 212 inhibited completely hemagglu-
tinin production with the final concentration of 1.6tr/cc and was
found to be toxic at the final concentration of 25X/cc, therefore
the ratio of this compound number ?_12 was 16.

As summarized in Table VII, a total of 14 compounds were found
to be inhibitory with the ratio of 4 or more.
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a>le !i. Screenir.i test of cehemical com-ounds in chick

chnrioa)lartuoic Th.:ne culture

3erial 3ynthesis Concen-§ : § 3 Serial *.;nthois Corcer- RA §§1:0 Y. tratior -ercernt 70. lo. r a ,Ioi.-:"cr

1 11 1 00 0 59 990 100 50

2 11? 100 0 40 991 100 50
3 277 1330 0 4)9. 130 25
4 276 10 0 42 993 13%; 50
5 277 100 0 43 094 1op 100
5 272 130 0 44 997 13. 50
7 279 100 50 45 1030 100 0
8 P-0 100 100 46 1046 1i)0 0
9 2?1 100 0 47 1050 100 0

10 2?2 50 1. • 54P. 1051 100 50
11 283 100 0 4c 1052 100j 100
12 PA4 100 0 50 1053 100 50
13 285 100 25 51 1054 1.00 0
14 ?90 100 0 52 1055 100
15 292 100 50 55 1056 li.) 100

•, 293. 50 0 54 1057 1o•. 1:.5
17 296 50 12.5 55 1050 I03 0
1? 2913 100 0 56 105,) 50 0
19 302 100 0 57 10)G 103 0
20 304 100 0 50 10'9 7.

21 3`7 lC,0 0 59 1 133 0
22 406 100 0 60 1065 50 1130
25 41,-.- 100 0 1, 10%6 143 50
24 444. 100 0 62 07 .JO i
25 62• 50 0 63 1068 130 109
26 901 100 50 64 1061l ,) 50
,?? 902 100 50 C5 1070 100 50
2; 903 100 12.5 56 1371 100 -5
29 904 100 50 107 172 1.0 0
30 907 100 100 6 10o73
31 909 100 50 61 1074 100 0
32 931. 50 50 70 1075 100 50
53 912 100 12.5 •71 107 100 50
34 954 100 50 ? 72 10.? 100 100
35 S60 100 0 73 1078 100 0

S 98033 100 0 74 1o07ý 100 0
37 97 1. 50 75 I3lI 50 .1 .5

1l1 75 100 50



Serial Synthesis Concen- TA Serial SyLtnthesis Concen- RA
Eo. Eo. tratior per'cert 1.o. 10. tration Terccrt

77 1094 100 0 115 194 100 100
78 109S 100 0 116 196 100 100
79 1097 100 12.5 Group D
80 101' I00 0 117 12 100 100
81 1099 100 0 118 15 100 50
R2 1100 100 0 119 18 100 100
83 1101 100 0 100 19 100 100
84 110? 100 0 121 20 100 100
85 1103 100 0 122 22 100 0
C6 1104 50 0 123 24 100 100

1105 100 0 12 26 100 50
88 1106 50 6.5 125 27 100 5n
19 1107 50 0 126 31 100 5

Group B 127 32 100 100
90 1 100 0 128 33 100 25
91 2 100 0 129 35 100 0
9P 5 10O 100 130 36 100 0
93 1 100 100 131 37 100 100
94 9 100 0 15p 39 100 12.5
95 23 100 100 135 43 100 100

P9 1o0 100 13 44 100 100
97 30 100 !5 135 45 100 50

34 100 0 136 46 100 50
CIO0 3. 137 4,- 100 100
100 71 1.)o 0 14 49 100 100
101 73 11o 0 139 521 100 100
102 12o 100 100 140 54 100 100
103 121 100 1o0 141 55 100 100
104 1P5 100 100 142 57 100 25
105 137 100 25 145 59 100 0
106 148 I00 100 *141 61 100 100
107 198 100 0 145 62 100 50

Group a 146 63 100 100
108 7 100 100 147 64 100 100
109 8 100 100 148 65 100 50
110 10 100 100 149 66 100 0
111 17 100 10o 150 67 100 100
11i 165 100 100 151 74 100 0
11i 166 100 100 152 77 1-: 100
214 167 100 100 153 78 100 100*• -30-



"Seri3l Synthbsic C.ncetn- HA Serinl 6yrt-•-nsi 0oncer- HA
[•o. •o. tratio•- aer~ent e. o, tratior -erzert

154 9'. 100 0 192 56 300 25

155 107 100 0 193 60 103 0

156 ill 100 0 194 76 100 100

157 113 50 0 195 91 100 100

151 115 100 0 196 9? 1,0 0

159 116 100 100 197 93 100 100

160 117 100 0 190 94 100 0

151 118 100 100 199 95 1W0 0

162 1•3 100 100 230 91½,. 100

165 104 100 100 201 99 50 0

164 1i6 100 100 202 105 100 10o

is5 1P, 0o, 100 205 110 50 0

166 1' 100 100 204 162 100 100

I67 1i9 50 0 !05 169 100 25
135 130 100 206 170 100 50

169 149 100 0 207 171 100 25

170 150 100 100 208 17> 100 100

171 152 100 100 209 175 50 0

172 158 50 0 210 175 1) 0

17?3 159 100 100 211 176 1W 50

174 195 110 100 P12 17• I10 0

175 1112 100 50 :13 180 100 100
17.3 1115 100 100 214 182 100 0

177 1119 100 100 215 184 100

178 1120 100 0 216 1S5 100 o
179 1121 100 v5.5 217 I6Fo 100 5
12Io 1123 1-13 50 ý?I Ig7 OO

181 1124 100 25 219 El9 100
1V2 115ý io0 100 PO 19? 100 0

1157 100 0 121 iO3 100 0
i•4 1165 I,0 0 Grour F

i":5 1167 100 25

1169 50 0 222 3 100 100

"0P224 100 50

Group !DP6 5P 50 0

190 5: 100 0 527 7? 100 I-0

191 5"" 100 50 1 .•I 100 100
-31-



Serial :3ynt'esis Concen- iA. Zerial .;ynt' efis -oncer.- .,
N.ro. jrs'ior rcreent .,0. trndir rei t.)n
229 79 100 100 248 145 100 100

230 84 100 100 249 1r- 100 100
231 85 100 i0-- 150 147 100 1oJ
2, .100 100 251 153 50 0

233 87 100 100 ý5, 154 50 12.5-
234 88 100 50 253 ISO 100 100
235 1(P 100 100 254 1151 13o 100
236 ior 100 100 255 16W 100
237 108 50 0 256 v,3 100 0
238 109 50 0 .57 1 6A 100 100
239 114 50 0 258 174 I'29 0
240 130 100 50 M 177 100 0
241 131 100 100 P 60 179 100 0
242 134 100 100 IN 1D1 1CX)
-:-43 135 100 100 26V r3 ".;)
244 141 100 100 235 1f8 100 1U0
245 14? 100 100 264 190 100 0
249 143 100 100 265 lý1 101_ U
242 144 100 100

§: Final concentration of compound. solution, f/ce

N: HA percent of control.

t-

G'd

-___________-_______,__________



TAT3tC III Resuir of 3creenrln- test or 265 compounds

Part•ally !on-
Tmhlbitory inhibitory ir.1ibltory

Group A

11~~~~1 21 3 t o? 5 130 3 5

la 1t ,~ in, P9, ý1. 32, 33t S•, 72.
19, P0, P1, '?, 34, 3?, 39, 40,
3, P41, P5, 35, 41, 4:, 44, 4A,

36t 45, 4-61 47, 50, 5?, 54t 58,
51, 55,t 6 57, 61t 614, 65, 66,
59, 67, 69, 73, 6q 70, 71, 75,
74 77, 78, 80, 76, 79t, 8.
81, .32, 83, A4,
85, 86, 87t, a.

Total 44 Total 75 Total 10

GroUp B

90, 91, 94, 90, 97, 99, 105. 9P, 93, 95, 96,
100, 101, 107. 102, 103, 104, 106.

Total 7 Total 3 Total 8

Group 0

108, 109, 110, 111,
112, 113, 114, 115,

Total 9

Group D

I12, 129, 130, 143, 118, I34, n15, 1PV, 117, 119, 120, 121,
140, 151, 154, 155, LP6, 13?, 135, 136, 1'3, 127, 131, 133,
156, 157, 158, 160, 142, 145, 148, 175, 134, 137, 13R, 139,16?, 1G9, 172, 178t 179, 180t 181-, I1R. 140, 141$ 144• 1460
183$, 181, 186, 197, 147, 150, 152, 153,
189. 159, 1ý1, 162, 163,1ir4 t 165, 166, 1,68t

170, 171, 17?, 174,176, 177, 182.
Total 22 TrottA 16 Total 35

"Troup 3

190, 1903, 196, lq8, 1.91, 192, 20 206, 194, 195, 17t, 200,
1 9, 201, 203, 20q, 207, 211,i 1.20, , 208, 213.
210, 21,n, P14, P15,
216, P18, 219, 220.

Total 17 Total 7 Total 8



Group F

P>4, 2P6, 27, 238, P23, 225, P34, 240, 222, 227, 228, 229,
239, 251, 256, 258, 25P, 255. 230t 231t p3p, P33,
259, 260, 261, 262, 235, :36, P41, 242,
266.-, P65. 243, 244, 245, 246,

247, M8, 249, 250,
253, 25L4, 25?, 263.

Total 14 Total 6 Total 24

TABLE IV Summary of screnninS teat.

Group Or nibtr Partially Non- Totalcompound Indibitory inbibitory inhibitory

No!. s No. % got.

A 44 49.4 35 39.3 10 11.2 89

E? 38.8 3 16.6 8 44.6 is

00 0 0 0 9 100 9
D 22 30.1 16 21.9 35 47.9 73

E 17 53.1 7 21.8 8 25 32

P 14 31.8 6 13.6 24 54.5 4.4

Total 104 39.2 67 25.2 94 35.4 265

No *. Numbers of chemical compounds.

-34-.



?A=BL V Qunatitative analysis of antiviral and cytutoxicity
tests in membrane culturk.

Semisl Synthesis Antivirl eetvitr cytotoxic activity
S100) 50 25 12.5 1w 0 50 25 12.5

Group A

1 115 0 0 6.3 50 0 6.3 50 100 1

2 117 0 0 0 12.5 0 0 100100 1

3 273 0 0 0 100 0 100 100 100 2

.4 276 0 0 6.3 25 0 25 100 100 1

5 27? 0 0 25 50 50 100 100 100 12

11 283 0 0 0 12.5 50 100 100 100 2.4

12 284 0 0 6.3 50 0 25 100 100 1

14 290 0 0 0 6.3 0 0 12.5 100 1
16 293 - 0 0 6.3 0 12.5100 1

18 298 0 50 50 100 100 - - - 12

19 3021 0 0 32.5 50 12.5 100 100 - 2

20 304 0 0 12.5 50 6.3 50 100 100 2

21 327 0 0 0 25 0 0 12.5 50 2

22 406 d 0 0 0 5o d o 0 12.5 - 1

23 418 0 0 6.3 12.5 0 0 100 100 1/2

24 444 0 0 0 100 0 6.3 100 100 2

25 622 - 0 0 25 - 25 100 100 Z 2

36 983 0 0 0 6.3 0 0 0 100 1/2

45 1030 0 0 0 25 0 0 0 50 1/2

46 104,6 0 0 6.3 12.5 12.5100 100 - 2

47 1050 0 6.3 50 100 VOn I,,%# - " ¶

51 1054 0 0 25 50 50 100 100 - k 2

56 1059 0 50 100 100 - 100 100 100 A 1/2

57 1062 0 25 100 50 100 100 100 - 2:1/2

59 1064 0 6.3 25 50 100 100 100 -



67 1072 0 0 50 50 50 100 100 -2

69 1074 0 0 25 25 25 100 100 - 2
r2 1078 0 0 0 100 0 i0o 100 100 2
74 1079 0 0 50 100 0 0 - -
?7 I094 0 25 50 100 100 100 100 -
78 1096 0 0 25 100 50 100 100 - 2
80 1098 0 0 0 100 0 100 100 - 2
81 1099 0 0 0 12.5 0 0 100 - 1
82 1100 0 0 6.3 50 0 0 06.3 1/4
83 1101 0 0 0 6.3 0 0 0 100 1/2
84 1 11o0 0 0 6.3 50 0 0 100 10, 1/2
85 1103 0 0 0 12.5 0 0 12.5 100 1
% 1104 d o 0 50 100 d - 0 100100 1/2
87 1105 0 0 0 50 0 0 12.5 100 1
89 1107 d 0 6.3 50 o00 d - 50 100 100 a1/'Group Pgo90 1 0 25 100 100 0 50 100 100 1/2
91 2 0 0 IP.5 50 0 0 50 100 1/2
94 9 0 0 0 25 0 0 25 1/?
98 34 0 0 25 200 0 20co 203 50 1

100 71 0 0 50 50 0 0 2:. 100 1/2
101 73 0 0 0 2. 0 0 0 25 1/2
107 198 0 0 0 05 0 12. 50 100 2

Oroup D

129 35 0 0 0 25 25 50 50 50 a
130 36 0 0 0 12.5 25 100 100 100 a 4
149 66 a 0 50 50 100 c 0 50 100 100 1/2
151 74 d 0 0 25 100 d o 25 50 100 1
155 107 0 0 0 100 0 0 0 100 1/2
156 111 0 0 0 0 0 0 0 100 1
158 115 0 0 0 100 0 0 0 50 1/2

-36-



160 117 0 0 0 0 0 0 50 100 2

167 129 4 0 0 50 100 d 25 i00 200 200 0 2

169 149 0 0 25 50 0 0 0 2.5 1/4

172 158 0 o 25 100 100 d 100 200 200 200 31

178 1120 0 0 12.5 50 b 0 "00 100 100 4

179 1121 a 0 0 0 50 a 0 25 50 50 2

185 1157 0 0 0 25 0 0 25 100 1

186 1168 e 0 0 0 25 c 0 100 100 100 2

187 1169 c 0 0 0 50 c 0 100 100 100 2

Group E

190 52 0 0 25 25 a 0 0 0 25 2

196 9P 0 0 0 50 50 e 0 100 010 100 1

198 94 g 0 100 100 130 0 0 50 100 4

199 95 e0 50 `00 203 e 0 100 100 100 1/2

201 99 d 0 25 100 100 d 200 200 200 200 ;11/2

209 173 d 0 5J 1.,0 o00 4 POO 200 2 0 200 1/2

210 1?5 c 0 0 1P.5 25 € 25 25 50 25 a 2

212 178 g 0 0 0 25 0 0 25 50 16

214 182 b 0 0 0 50 b -5 50 100 100 94

215 184 b 0 0 0 12.5 b10 100 100 100 -4

218 187 b o 0 25 100 f 0 0 0 12.5 2

219 189 bO 0 100 100 b.3 6-.3 6.3 25 92

220 192 0 0 0 25 0 0 100 25 2

221 193 0 0 0 12.5 0 0 50 100 1

Gr'up Ir

226 58 •0 0 50 100 •0 0 50 100 2

2-7 108 d 0 0 1001 00 010 100100 1

238 109 d 0 0 25 100 d 0 0 50 50 L/2

239 U4 d 0 0 0 100 d 25 50 100 100 k

251 153 d 0 100 100 100 d4200 200 200 200 a I

.- 37-i



256 163 b 0 0 0 12.5 b 25 25 25 50

258 174 b 0 0 0 50 b 0 12.5 12.5 50 2

259 177 0 0 100 100 0 50 100 100 4

260 179 b 0 0 0 100 b 0 50 25 50 2

261 181 b 0 0 I?..5 100 b 2 , 5 50 100 Z 2

262 183 b 0 0 0 25 b 50 50 100 100 a

264 190 b 0 0 0 25 b ?5 25 100 100 Z

265 191 f 0 0 0 100 f 50 100 100 50 4

Legend : 1) Final concentration $/cc.

2) won-toxic Inhibitory maxi-
conoentrtion. mal concentration.

Polloing Letters, s-bh, in column of
Antiviral activity and Cytotoxic activity

indicate starting concentrations as follows

a : 800 a : 25

b : 400 f : 12.5
a : 200 S: 6.3
d: 50 b 3.2

-38-



TABLE VI Result of antiviral test of 89 compounds.

Group oif Ratio*
compound 1 or less 2 4 16

A - 7., 2, - 4,9 -12, , 5 18, 11.
14 16, P2 -3 19 20, 21,
36, 45, 47, 56 P4, P-5, 46,
57, 59, 77, 11, 51, 67, 69,
A2, 83, 84, 85, 73, 78, 80.
86, 7T, 89.

Totel ?53 Total 15 Total 3

B 90, 91, 94, 91, 107.
100, 101.

Total 6 Total 1

149, 150, 155, 156, 160, 167, 179, 121, 130, 17S.151t 169t 172, 113, 185t6 117.

Tott - Total 5 Total 3

B 196, 199, 201, 709, 190, 210, 218, 19S, 214, 215. 212.
221. 219, 220.

Total 5 Total 5 Total 3

P 237, 238, 251. 2P6, 258, 260, 239, 256, 259,
261. 267, 26s, 265.

Tot•I 3 ''Tot•al i4 Total 6

Ratio* : ron-toxtc concentration / Inhibitoryr maximal coricelt4ratiob

TABL;! VII Summary of nntiviral test.
Group of Ratl•o*
compounI 1i or less! 2 4 16

No** % To': % NoV* % vo Total

A 23 59 15 38.5 1 25 0 39
6 86 1 14 0 0 7

C 0 - 0 - 0 - 0 0
D o 50 5 31.2 3 18.8 - 0 16
B J3.7 5 35.7 3 21.4 1 2.2 14

4 30.8 6 46,2 - 0 13
Total 45 50.1 30 33.7 13 14.6 1 1.1 89

•- tio*: Nlon-toxic concer-tratior / Inhibitory Fdxirsl concentration

.oW,* : Numbers of chenicrl compoundr.
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